Objective: To explore the extent to which the reported unfavorable fatty acid content of abdominal depots in adults is also true for children. In addition, the present study aims to assess the relative importance of abdominal vs buttock adipose tissue fat in the prediction of serum lipid levels in children. Design: A cross-sectional study of children from the island of Crete. Setting: The study was conducted between October 1999 and January 2000 in the Municipality of St Nikolas, Crete. Subjects: A total of 475 children (aged 11 -18) participated in the study. Data were obtained on children's anthropometry, serum lipids, physical activity and abdominal and buttock adipose tissue fatty acids. In total 138 children (aged 11 -16) had complete data in all of the variables studied. Results: Abdominal depots have elevated proportions of saturated fatty acids (P < 0.001) and trans fatty acids (P < 0.001), and reduced proportions of monounsaturated (P < 0.001) and polyunsaturated fatty acids (P < 0.001) in comparison to buttock depots. Buttock adipose tissue monounsaturated fat correlated negatively to serum LDL-C (P < 0.05). Abdominal adipose tissue polyunsaturated fat had negative correlations with serum total cholesterol (P < 0.05) and LDL-C (P < 0.05). Regression analyses indicated that children's serum total cholesterol (P < 0.05) and LDL-C (P < 0.05) were inversely related to abdominal adipose tissue polyunsaturated fat. Body mass index was positively related to serum triglycerides (P < 0.01) and LDL-C (P < 0.01), and negatively to serum HDL-C (P < 0.05). Age was negatively related to serum HDL-C (P < 0.05).
Introduction
Central adiposity has been associated with increased risk of myocardial infarction and coronary heart disease (CHD) mortality Lapidus et al, 1984; Prineas et al, 1993; Terry et al, 1992) . Central fat deposition has been found to be associated with lipid abnormalities in men and women (Lamarche et al, 1998; Despres et al, 1985; Anderson et al, 1988) . In addition to adults, a number of studies have shown that, in children, central fat deposition is associated with adverse serum chemistries such as elevated serum total cholesterol (Zonderland et al, 1990; Brambilla et al, 1994) , triglycerides (Brambilla et al, 1994; Caprio et al, 1996; Chu et al, 1998; Mo-Suwan & Lebel, 1996) and LDL-C (Zonderland et al, 1990; Brambilla et al, 1994; Caprio et al, 1996) , and reduced HDL-C concentrations (Caprio et al, 1996; Chu et al, 1998; Mo-Suwan & Lebel, 1996) . It has been suggested that the unfavorable serum lipid profiles accompanying abdominal obesity are due to the elevated lipolysis rates of abdominal depots. It has been reported that abdominal depots have higher lipolytic rates than other subcutaneous depots (Arner, 1995; Engfeldt & Arner, 1988) . Lipolysis leads to high levels of free fatty acids in portal circulation and liver (Engfeldt & Arner, 1988; Bjorntorp, 1992) . Overexposure of hepatic tissues to free fatty acids, in turn leads to increased hepatic lipid synthesis and dyslipidemia (Bjorntorp, 1992; Kissebah, 1996) . The dyslipidemia accompanying abdominal adiposity is characterized by elevated plasma triglycerides, LDL, VLDL and apolipoprotein B concentrations, reduced HDL-C levels, and an increased number of small, dense LDL particles (Bjorntorp, 1992; Kissebah, 1996) . In light of these observations, it is assumed that abdominal adipose tissue fatty acids are stronger predictors of serum lipid levels than fatty acids of other subcutaneous sites. However, this has not as yet been tested in either children or adults. Moreover, there are indications that, in adults, abdominal adipose tissue has a less favorable fatty acid content than that of thigh or buttock depots, namely elevated proportion of saturated fatty acids and reduced proportions of monounsaturated and polyunsaturated fat (Malcom et al, 1989; Phinney et al, 1994; Schafer & Overvad, 1990) . However, whether this is also true for children is not yet known.
The purpose of the present study is to examine whether quality of abdominal adipose tissue fat bears a stronger relation to serum lipid levels than that of buttock adipose tissue. In addition, the present study aims to explore the extent to which the reported unfavorable fatty acid content of abdominal depots in adults is also true for children.
Methods

The program
The study was conducted between October 1999 and January 2000, with the approval of the Greek Ministry of Education. The aim of the project was to assess CHD related risk factors in 11 -18-y-old children from the island of Crete. The research reported here was conducted at the Department of Social Medicine of the University of Crete. The sample consisted of all 477 children of the Municipality of St Nikolaos, one of the four major urban areas of the island of Crete. Data were obtained on pupils' anthropometry, serum lipids and physical activity as well as abdominal and buttock adipose tissue fatty acids. A total of 138 children had complete data in all variables studied. The collection of data took place in schools during our morning visits between 8:30 am and 13:00 pm. A maximum of around 15 pupils were screened each day by one team of trained personnel.
Anthropometric measures
Body weight was assayed by a digital scale (Seca) with an accuracy of AE 100 g. Subjects were weighed without shoes, in their underwear. Standing height was measured without shoes to the nearest 0.5 cm with the use of a commercial stadiometer with the shoulders in relaxed position and arms hanging freely. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m 2 ).
Biochemical measures
Since the blood samples should be obtained after overnight fasting, this was the first measurement to be carried out. Venipuncture was performed by professional staff using vacutainers to obtain 10 ml of whole blood. The blood samples were put into special tanks containing ice packs in order to maintain the temperature at 3 -4 C. They were then transferred directly, within 2 h, to the Nutritional Research Laboratory of the Department of Social Medicine, University of Crete. Blood was centrifuged and 1.5 ml aliquots of the supernatant were pipetted into plastic Eppendorf tubes. One of these aliquots was used for the blood analysis on the same day of collection, while the others were stored at 7 80 C in order that measurements could be repeated if necessary. Total cholesterol was determined using Allain's method (Allain et al, 1974) , while Fossati's method (Fossati & Precipe, 1982) was used for triglyceride determination. HDL was measured by the heparin -manganese precipitation method. LDL was calculated by the previously reported formula: LDL ¼ TC 7 (HDL þ TG=5; Friedewald et al, 1972) .
Adipose tissue measures
Abdominal and buttock subcutaneous tissue samples were collected by aspiration, using the method described by Beynen and Katan (Beynen & Katan, 1985a,b) . The particular method has been reported to be rapid and safe, and to cause no more discomfort than a routine venipuncture (Beynen & Katan, 1985a,b) . Adipose tissue samples can be safely stored for up to 1.5 y without changes in the component fatty acids (Beynen & Katan, 1985a,b) . Buttock adipose tissue samples were taken from the left upper outer quadrant of the gluteal area. Abdominal adipose tissue samples were taken from the left upper outer quadrant of the abdominal area, and in close proximity to the umbilical cord. Samples were taken through the use of 10 ml vaccutaneous tubes.
Pupils' physical activity
Parents reported the time spent by children on physical activity, on two typical consecutive weekdays and one day of the weekend. Physical activity index was then calculated as the sum of hours spent on strenuous physical activity. Details on the method used and its validation and reliability are given elsewhere (Manios et al, 1998) .
Data analysis
Data were analyzed through the use of the SPSS statistical package. The statistical methods used were one-way ANOVA, Abdominal vs buttock adipose fat G Mamalakis et al
Pearson correlations and linear multiple stepwise regression analyses.
Results
The mean age and standard deviation of the 261 girls and 214 boys, in the present study, were 13.5 AE 1.9 and 13.2 AE 1.9 respectively. Table 1 depicts means and standard deviations of anthropometric, serum lipid, and abdominal and buttock adipose tissue measures in the two genders. Table 2 depicts means and standard deviations of abdominal vs buttock adipose tissue fatty acids. Pearson correlations between serum lipids and abdominal and buttock adipose tissue fatty acids indicated that abdominal adipose tissue polyunsaturated fatty acids are negatively correlated with total serum cholesterol (r ¼ 7 0.18, P < 0.05) and LDL-C (r ¼ 7 0.20, P < 0.05), while buttock adipose tissue monounsaturated fatty acids are negatively correlated with LDL-C (r ¼ 7 0.18, P < 0.05). The negative relation between abdominal adipose tissue polyunsaturated fat and total serum cholesterol and LDL-C is confirmed by regression analyses. Specifically, multiple linear stepwise regression analyses indicated that 2% of the variability in serum total cholesterol was significantly accounted for by abdominal adipose tissue polyunsaturated fat (F ¼ 4.21, P < 0.042) and 5% of the variability in serum triglycerides was significantly accounted for by BMI (F ¼ 7.92, P < 0.006; Table 3 ). Regression analysis indicated that 10% of the variability in serum HDL-C was Abdominal vs buttock adipose fat G Mamalakis et al significantly accounted for by BMI and age (F ¼ 8.97, P < 0.0004). Standardized regression coefficients (beta weights) indicated that the major predictor of serum HDL-C was age followed by BMI (Table 3 ). Multiple regression indicated that 8% of the variability in serum LDL-C was significantly accounted for by BMI and by abdominal adipose tissue polyunsaturated fat (F ¼ 6.69, P < 0.002). Inspection of standardized regression coefficients indicates that BMI is the major predictor of serum LDL-C, followed by abdominal adipose tissue polyunsaturated fat (Table 3) .
Discussion
A main finding of the present study is that the fatty acid composition of abdominal adipose tissue is less favorable than that of buttock. This is in agreement with adult studies indicating elevated proportions of saturated fatty acids and reduced proportions of monounsaturated and polyunsaturated fat in abdominal as opposed to buttock depots (Malcom et al, 1989; Phinney et al, 1994; Schafer & Overvad, 1990) . To the best of our knowledge, this is the first study of abdominal vs buttock adipose tissue fatty acids in children.
Moreover, this appears to be the first study indicating elevated trans fatty acid contents in abdominal as opposed to buttock depots. It has been reported that the fatty acid content of the adipose tissue is a measure of long-term (1 -3 y) or habitual dietary fat intake (Glatzz et al, 1989; Katan et al, 1997; Beynen et al, 1980; Dayton et al, 1966) . The negative relation between adipose polyunsaturated fatty acids and serum total cholesterol and LDL-C, agrees with adult studies indicating reductions in serum cholesterol and LDL-C with increasing polyunsaturated fat intake (Beynen & Katan, 1985a,b; Gardner & Kraemer 1995; Becker et al, 1983) . To the best of our knowledge, this is the first study linking abdominal polyunsaturated fat and serum total cholesterol and LDL-C in children.
It is worth observing that it has been abdominal rather than buttock fatty acids that related to serum lipids, namely total cholesterol and LDL-C. This can be attributed to the reported elevated lipolysis rates in abdominal as opposed to buttock adipose tissue (Arner, 1995; Frayn, 1998; Arner, 1988; Engfeldt & Arner, 1988) . Catecholamine-induced hydrolysis of abdominal adipose tissue triglycerides to glycerol and fatty acids (lipolysis), leads to high free fatty acid levels in portal circulation and liver (Hoffstedt et al, 1996; Engfeldt & Arner, 1988; Bjorntorp, 1992) . Hepatic lipid synthesis, in turn, depends upon hepatic exposure to free fatty acids (Bjorntorp, 1992; Kissebah, 1996) . The observed relation between abdominal rather than buttock adipose tissue fatty acids and serum lipids, therefore, probably stems from the enhanced lipolysis and free fatty acid release and transport to the liver from abdominal rather than buttock depots. To the best of our knowledge, the present study has been the first attempt reported in the literature, to assess the relative importance of abdominal vs buttock adipose tissue fatty acids in the prediction of serum lipid levels.
The positive relation between BMI and serum triglycerides in the present study, may be due to the reported VLDL elevations in obesity and a possible defect in the hydrolysis and clearance of VLDL triglycerides (Grundy & Barnett, 1990; Beil et al, 1982) .
The negative relation between BMI and serum HDL-C in the present study, may be mediated by cholesteryl ester transfer protein (CETP). Specifically, it has been reported that obesity is associated with increases in (CETP) activity, a human plasma protein responsible for transfering cholesteryl esters from HDL to lower density lipoproteins, thereby decreasing plasma HDL-C levels (Arai et al, 1994; Dullaart et al, 1994) .
The positive relation between BMI and serum LDL-C in the present study, may stem from the reported VLDL elevations in obesity and the subsequent increased LDL-C production rates (Grundy & Barnett, 1990; Sigurdsson et al, 1975) . Some other reason for the particular relation may be the reported elevations of CETP in obesity and the associated enhanced transfer of cholesteryl esters from HDL to lower density lipoproteins, such as LDL (Arai et al, 1994; Dullaart et al, 1994) .
In conclusion, in agreement with findings in adults, children's fatty acid composition of abdominal adipose tissue is less favorable than that of buttock. It appears that Abdominal vs buttock adipose fat G Mamalakis et al similar to adults, children's abdominal depots have elevated proportions of saturated fatty acids and reduced proportions of monounsaturated and polyunsaturated fat in comparison to buttock depots. Moreover, children's abdominal depots appear to have higher trans fatty acid contents than buttock depots. Children's adipose polyunsaturated fat, a biomarker of long-term polyunsaturated fatty acid intake, is inversely related to serum total cholesterol and LDL-C. It appears that abdominal adipose tissue fatty acids are more strongly related to serum lipids than buttock adipose tissue fatty acids. This may be attributed to the reported higher lipolysis rates in abdominal as opposed to buttock depots. The relation between BMI and serum HDL-C and LDL-C may be mediated by plasma CETP.
